Engineering Research 2008 by College of Engineering, Michigan Technological University
Michigan Technological University 
Digital Commons @ Michigan Tech 
Michigan Tech Engineering Magazine College of Engineering 
2008 
Engineering Research 2008 
College of Engineering, Michigan Technological University 
Follow this and additional works at: https://digitalcommons.mtu.edu/engineering-magazine 
 Part of the Engineering Commons 
Recommended Citation 
College of Engineering, Michigan Technological University, "Engineering Research 2008" (2008). Michigan 
Tech Engineering Magazine. 1. 
https://digitalcommons.mtu.edu/engineering-magazine/1 
Follow this and additional works at: https://digitalcommons.mtu.edu/engineering-magazine 




















For over a century, the College of Engineering at 
Michigan Tech has provided relevant educational 
opportunities in all aspects of engineering and 
applied science. Today, our faculty, staff, and 
students are discovering new knowledge, designing 
new devices and systems, and delivering solutions 
to some of the world’s most pressing problems. 
Within this magazine, you will learn about the 
specific contributions we have made to problems 
in the vital areas of Energy, Air & Water, Engineered 
Materials, and Sensing & Imaging. Much of the 
work we do is inspired by our proximity to one 
of the largest concentrations of freshwater in the 
world, and the unique bio-diversity of our region. 
Our contributions extend far beyond the region and 
around the world, as well. 
I hope you enjoy learning about our research 
and the talented faculty who lead these activities. 
Take a few minutes to browse these pages, and I 
am sure you will be impressed by the breadth and 
depth of our efforts.
Very best regards,
Timothy J. Schulz
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On the cover: Jeff Naber’s 
optically accessible 
combustion chamber will 
operate at temperatures 
and pressures found in the 
cylinder of an IC engine. 
Naber will use it to design 
engine technologies that 
readily adapt to a wide 
variety of fuels, from liquid 
biofuels to natural gas and 
beyond. See page 8.
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Micro-thrusters
Propelling cell phone-sized 
satellites through space
What if we could build a satellite as small as a cel-lular phone? The concept is not that far-fetched. 
The device that is probably in your pocket right now is 
capable of taking photos or video, transmitting these 
images wirelessly over long distances, and recording 
its exact location using an internal GPS receiver. These 
are precisely the key functions of many Earth-orbiting 
satellites. While traditional satellites cost tens of mil-
lions of dollars and can be as large as an automobile, 
cell phone-sized satellites would be inexpensive, could 
be mass-produced, and could be deployed as large 
swarms that act collectively to provide global coverage. 
It seems the only thing your cell phone would need to 
function as a spacecraft is a tiny rocket engine.
Lyon B. King leads a research program whose 
goal is to develop micro-scale propulsion systems for 
use on cell phone-sized satellites. King has patented 
a technology to build micro-ion thrusters out of wire 
needles not much thicker than a human hair. Each 
needle emits a small stream of ionized liquid metal that 
is accelerated by electrostatic forces to produce a few 
micro-Newtons of thrust. The needles can be used 
individually or assembled into an array to propel the  
tiny vehicle.
In order to function efficiently, the micro-ion thruster 
needles must be very sharp—the required tip radius is 
a few tens of nanometers.  Prolonged thruster opera-
tion can occasionally cause the tips to dull, thereby 
reducing the performance of the micro-thruster. While 
this problem has been an impediment to past research, 
King’s group has developed and patented a method for 
repairing damaged tips using electric fields to shape 
self-assembling nanostructures. The technique uses 
electrostatic attraction to shape liquid metal into a 
sharp cone known as a “Taylor cone,” then freezing  
the metal in place to preserve the nanometer-scale 
tip. The process can be repeated numerous times, 
enabling a spacecraft to fix itself while still in orbit.
The smallest 
satellites currently  
in orbit, known as 
picosats, are  
four-inch cubes 
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Waste heat
Generating green electricity with 
semiconductor alloys
The US electrical power industry generates about half  of its electricity using coal-fired plants and another  
20 percent using natural gas-fired plants. 
The gross efficiency of converting fuel into electricity is  
not so hot.  Efficiency rates are just 30-35 percent for  
coal-fired, steam-cycle power plants, while state-of-the-art, 
combined-cycle power plants fired by natural gas can reach 
as high as 60 percent. In both cases, however, a significant 
portion of nonused energy is released to the atmosphere 
through the stack, condenser, or other equipment—as  
low-grade waste heat. 
To put all that waste heat to good use, Pete Moran is  
engineering a material to harvest it. The goal: produce 
clean electricity from waste heat at a cost competitive with 
current fossil-fuel based generators.  
Moran is developing powder metallurgy-processing 
techniques that could allow for the fabrication of thermo-
electric semiconductors operable at high temperatures and 
efficiencies.  His focus is on developing materials for a 
thermoelectric generator with no moving parts, something 
that first requires an understanding of how to fully leverage 
the potential of two recently discovered semiconductor 
alloys:  LAST (Lead, Antimony, Silver, and Tellurium); and 
LASTT (Lead, Antimony, Silver, Tin, and Tellurium). Both 
alloys have the potential to efficiently harvest electricity  
from waste heat.
Retrofitting utility plants with thermoelectric power 
modules—and incorporating them into plants built in the 
future—are just two potential applications. These modules 
can also be utilized by industrial manufacturing plants that 
use large amounts of energy while generating large 
amounts of waste heat, as well as the internal combustion 
engines of automobiles and trucks. 
Using highly efficient 
thermolectric generators 
to harvest waste heat in 
domestic power plants  
for one year could recover 
nearly the equivalent 
energy content of the  
oil imported to the US 
from Saudia Arabia during 
one year.
Pete Moran
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Adaptable 
engines
Running on biofuels and beyond
Utilizing a wide variety of energy resources is essen-tial to the sustainability, security, and progress of 
developed and developing nations alike. Automobile 
transportation, heavily dependent upon petroleum, is an 
especially critical area. 
To help solve the problem, Jeff Naber is developing an 
adaptable automobile engine that will run efficiently and 
cleanly on a number of different fuels. “Internal combus-
tion (IC) engines are one of the world’s most versatile and 
scalable energy conversion technologies,” Naber explains. 
“Engines can run on petroleum-derived fuels; natural 
gas; hydrogen; synthetic fuels; biofuels including biogas, 
biodiesels, and alcohols—even syngas derived from 
sources that include municipal waste.”
Naber’s goal is to develop advanced engine tech-
nologies that will both enhance flexibility and reduce 
emissions. To study critical aspects of ignition and com-
bustion, he is building an optically accessible combustion 
chamber that operates at temperatures, pressures, and 
constituent conditions found in the cylinder of an IC 
engine. Instrumentation includes a high speed 1M frame/s 
camera, laser diagnostics, a mass spectrometer, and a 
remotely operated monitoring and control system. The 
$2.5 million chamber, the only one of its kind in the world, 
will allow Naber to study the development of real-time, 
event-by-event combustion feedback methods. With that 
critical information, he will be able to design an IC engine 
that will continuously adapt—to changing fuels, but also 
environmental and engine conditions. 
If all goes well, says Naber, adaptable engines could 
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Wood to Wheels
Creating biofuels from forest 
resources
Cellulose is the most common form of organic  material on earth, yet natural agents such as 
enzymes and microorganisms find cellulose difficult to 
convert to biofuels. 
Wood-to-Wheels (W2W), an interdisciplinary research 
effort at Michigan Tech, may soon find a way to give that 
process a boost. W2W research spans the entire trans-
portation life cycle, from sustainably harvesting woody 
biomass from highly productive forest lands, to economi-
cally converting the biomass to fuels and other products 
in bioprocesses, to utilizing the bio-based fuels in engines 
and vehicles. 
David Shonnard is working to improve all of the 
processing steps needed to convert woody biomass 
resources to liquid fuels by fermentation. “Biofuels 
for transportation from sustainably harvested forest 
resources could establish a closed cycle of carbon, and 
thereby reduce human impacts on climate change,” 
Shonnard explains. “These fuels would not compete with 
scarce food resources as other biofuels do.”
Future commercial biorefineries will process mixtures of 
woody species. Research to understand mixture effects 
on sugar yields has been completed. However, other 
aspects pose challenges:  Enzymes that convert cellulose 
in wood to sugars, called cellulases, are frustratingly slow 
in nature. 
Shonnard’s research team is isolating the genes for 
those enzymes from naturally occurring microorganisms, 
approaching the problem using recombinant DNA  
techniques to engineer the enzymes to be much more 
active and specific in their reactions in converting  
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Pollution 
plumes
Observing hemispheric impacts 
—and surprises
Increasing air pollutant emissions affect human health, and make it more difficult for downwind 
countries to meet their air-quality standards. They also 
affect climate forcing, due to the radiative impacts of air 
pollutants, including ozone and particulates. However, 
the magnitude of such large-scale phenomena is 
uncertain. Questions remain about the interplay of 
emissions, chemical transformations, and long-range 
transport.  
Richard Honrath established an air-quality station 
on Pico Mountain in the Azores Islands to take direct 
measurements of atmospheric composition in urban 
air pollution plumes that have aged and reacted for 
several days. Such measurements are extremely  
difficult to obtain, but essential to understanding  
key processes. The station incorporates Michigan 
Tech-developed automated systems for the  
measurement of ozone and ozone precursors— 
including nitrogen oxides and carbon monoxide. 
High atop Pico, Honrath identified unexpectedly 
high ozone levels in pollution outflow from the East 
Coast of the US, and quantified the important impact 
of urban emissions on nitrogen oxides in the remote 
North Atlantic region. His group’s in-situ observations 
have produced surprises. For example, the highest 
air-pollution levels at the Pico Mountain station occur 
during summertime, from the high-latitude regions of 
North America, where they originate in large wildfires. 
“Boreal fires alter ozone levels at the hemispheric 
scale,” notes Honrath.  
Higher temperatures and drier soils—which  
are expected as climate changes—favor high-fire 
summers. It seems as though boreal fires and climate 
change may, in effect, draw strength from one another. 
During high-fire 
summers, boreal 
wildfires can emit as 
much carbon monoxide 
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Great Lakes 
water
Looking at quality, quantity,  
and availability
In the Great Lakes region, as elsewhere, there are competing demands for a limited supply of water, 
including agricultural irrigation, public water supply, 
industrial production, and cooling in the generation of 
electricity.  In addition to these off-stream uses, Great 
Lakes water is used for transporting goods, hydroelec-
tric power generation, recreation, and fisheries. The 
US EPA’s Great Lakes Program Office reports that the 
various uses of water in the region translate into total 
economic production of more than $2 trillion annually.
Alex Mayer believes that freshwater is at the foun-
dation of our economic, societal, and environmental 
well-being. However, water is often treated as a free 
resource in that no charge is imposed for withdrawing 
water from its source. 
“Users may pay for the transport of water from its 
source to its place of use, and perhaps for treatment of 
the water and disposal of the return flows, but the water 
itself apparently has no value,” Mayer notes.
He is leading an NSF-sponsored team to deter-
mine the impact of direct and indirect drivers on water 
quality, quantity, and availability in the North American 
Great Lakes region—and ultimately the economic value 
of this freshwater.
Mayer’s team will use integrated physical and 
economic models. These models will be used to 
predict water availability and quality over the next thirty 
years—under various scenarios of population growth, 
climate change, land use, emissions, and governance. 
The team will develop cost frameworks for capturing 
the value (i.e., energy, materials, opportunity costs) of 
having a specific amount of water available at a given 
purity, time, and location. 
“We hope to demonstrate that sufficient supplies of 
clean water are critical to our society, and should be 
valued as such,” says Mayer.
The Great Lakes hold  
 percent of the world’s 
supply of available 
fresh surface water. 
Despite this staggering 
amount of fresh water, 
only  percent of the 
Great Lakes’ volume is 
replenished each year by 
rain and snow.
Alex Mayer
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Fine volcanic 
ash
Predicting the path of a serious 
hazard
Jet airplanes on Northern Pacific air routes fly over more than a hundred potentially active volcanoes. About ten 
days each year, volcanic eruptions create a fine ash— 
volcanic particles with a texture like flour and diameters 
smaller than 0.1 mm. 
This fine ash heats the air it touches, carrying the air and 
the ash up—way up. Jets can’t detect fine ash, and at night 
they can encounter it without warning. Jet engines can be 
stopped by such encounters and some jets temporarily 
lose all their engines.
William Rose has studied fluid mechanics, atmospheric 
science, remote sensing, and meteorology in order to 
understand fine volcanic ash—how it forms, how it travels 
through the air, and where it falls. 
His inquiry entails international collaboration, and his 
research group is one of the world’s largest scientific 
efforts focused on volcanology. As a result of this work, 
an international system of mitigation now operates around 
the world doing pilot communications. Rose and fifty other 
scientists are devising meteorological forecasting tools that 
will enable them to predict where the most dangerous fine 
particles will come to earth. 
By sheer accident, a NASA research aircraft encoun-
tered a thirty-three hour-old drifting Icelandic volcanic cloud 
while travelling across the Arctic in February 2000. Highly 
instrumented for atmospheric research, the aircraft was 
able to obtain unique data about how volcanic ash  
“overseeds” rising clouds, converting them to small ice  
particles and a stratospheric cloud that destroys ozone. 
“Since jet airplanes will never willingly fly into volcanic 
clouds, this was a research bonanza,” says Rose. 
Fine ash is a serious health hazard, as well. “We want 
to know where it falls,” he notes. “As we saw clearly in the 
9-11 incident, the fine particles created by the blasts are a 
long term health hazard to rescue workers.”
William Rose
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500-year bridge
Transforming the concrete 
transportation system
Whether you ride the daily metro, commute in heavy highway traffic, or just need to run a quick errand, 
you are bound to encounter a concrete bridge in need of 
repair. Just like humans, our nation’s bridges continue to 
age. Sustainable solutions for long-lasting and durable 
highway bridges are long overdue.
Replacing a concrete bridge in less than a month with 
one that will last up to five hundred years might sound 
like a grand challenge, but a team of researchers led by 
Tess Ahlborn intends to do just that. The team is working 
towards rapid replacement technologies with pre-decked 
bridge girders and deck panels that will transform the 
concrete transportation system by eliminating the need for 
casting and curing of concrete bridge decks at the con-
struction site.
Combining those technologies with innovative  
materials, such as ultra-high performance concrete, 
Ahlborn’s team is changing the way bridges are designed 
and built. “Construction can now be accomplished with 
less material—due to optimized sections, enhanced  
resistance, and superior strength,” she explains. 
“Aggressive surroundings such as freeze-thaw zones,  
road salts, and marine environments are no longer barriers 
for long-term performance.”
Cement production is a relatively large contributor 
to global CO2 emissions. Every year, almost one ton of 
concrete is produced for every human on the planet—and 
the demand is estimated to double in the next thirty years. 
Durable concretes, including ultra-high performance  
concrete, use far less cement. 
Concrete is the number 
one building material 
in the world, and ranks 
second only to water 
as the most consumed 
substance of our time. 
Tess Ahlborn
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Single electron 
transistors, and...
Questing after nanoelectronics’  
Holy Grail
Many nanodevices exhibit quantum mechanical electronic behavior on a scale beneath the theoretical limits of the 
world standard, but few exhibit desirable operating behavior at 
room temperature. There are, however, promising candidates. 
Paul L. Bergstrom leads a team that is developing 
technologies and device physics for charge- and non– 
charge-based nanoelectronic devices.  One device under 
investigation, the single electron transistor (SET), has been 
demonstrated successfully at room temperature by the team. 
Bergstrom’s is the first operating SET of any kind  
accomplished with focused ion beam technology, the second 
demonstration of room temperature SET behavior in the US, 
and sixth in the world. 
A discovery with great potential, room-temperature 
SETs could open up whole new aspects of the electronics 
industry. “Moving to nanoscaled electronic devices such as 
SETs that rely on quantum behavior will allow us to eliminate 
leakage current,” Bergstrom explains. “The SET could 
potentially replace or supplement the MOSFET (metal oxide 
semiconductor field effect transistor) due to its ultra-small active 
device area and ultra-low power requirements.”
The SET may also allow technology its continued migration 
toward high levels of integration—from hundreds of millions of 
transistors to hundreds of billions of transistors ultimately—so 
that cost per device will continue to drop at its historic rate, or 
even faster.
Bergstrom and his team are making great strides toward 
incorporating a full quantum-mechanical behavioral model that 
can be utilized by designers to design circuits and systems 
with SETs. They have successfully utilized ultraviolet-based 
nanoimprint technologies to produce hundreds of functional 
devices in compact arrays, leading toward large scale 
integration of these devices with mainstream complementary 
metal-oxide semiconductor technologies, or CMOS. 
The effort is expanding and going beyond the SET devices, 
as well. “We hope to find ways to create devices ultimately that 
will not transfer current when they do logic,” adds Bergstrom. 
“That is the ‘Holy Grail’ for nanoelectronics right now. We are 
taking that challenge seriously.”
Paul Bergstrom
Electrical & Computer 
Engineering
Pictured at left: A sub-20nm 
single electron transistor 
(SET), located at the center 




















Evidence of osteoarthritis has been found in ice-aged skeletons. Today, over twenty-seven million Americans 
suffer from osteoarthritis, the most prevalent form of arthritis.  
It is often a result of knee-joint damage such as tearing of 
a ligament or meniscal cartilage. The articular cartilage that 
covers the ends of bones in the knee joint deteriorates, causing 
pain and loss of movement as bone begins to rub against bone. 
Osteoarthritis in the knee is typically associated with  
loss of articular cartilage, and research has focused on both 
preventing that loss and treating that damage. Tammy L. Haut 
Donahue has reason to believe that the knee-joint meniscus 
may contribute much more to osteoarthritis than previously 
thought. 
Menisci are two c-shaped rings of fibrocartilage in the knee 
that primarily function to protect the underlying articular car-
tilage by distributing the load in the knee. Haut Donahue has 
shown that knee-joint damage, such as a ligament tear or 
meniscal tear, causes the menisci, among other tissues, to pro-
duce elevated levels of an inflammatory molecule, interleukin-1, 
that can degrade the matrix of the meniscus and prevent it from 
protecting the underlying articular cartilage. 
“Blocking the action of interleukin-1 at its receptors can 
arrest the degradation of the meniscus, enabling it to continue 
to function and protect the underlying articular cartilage from 
wearing away,” notes Haut Donahue. 
Future studies will focus on whether this treatment can 
slow or prevent osteoarthritis associated with traumatic knee 
damage. The inquiry has the potential to revolutionize how 
clinicians treat patients. By understanding the biology and bio-
mechanics of the knee-joint meniscus—and the response of the 
knee-joint menisci to knee damage—the work of Haut Donahue 
and her team could give patients an additional five to ten years 




aged and older 
people, striking 
most after age  
forty-five. 
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Spinal cord 
injuries
Testing new protective 
approaches to treatment
Victims of spinal cord injury (SCI) suffer two dam-ages: the initial trauma sustained by the impact of 
surrounding vertebrae into nervous tissue, as well as 
secondary injury response, which is caused by such 
factors as inflammation and edema (flow of fluid into 
the injury site).
SCI leads to severe disability, including loss of  
movement, sensation, and bowel/bladder control. 
Individuals with spinal cord injury are usually young 
people, mostly male, who often live with their  
disabilities for many years.
SCI damages or destroys axons, the portion of the 
nerve that transmits signals to other cells. Currently, 
there is no treatment available that effectively reduces 
the secondary injury response. 
Ryan Gilbert is developing and testing biomateri-
als with the goal of improving both regenerative and 
protective outcomes. He has developed a novel  
hydrogel—a network of polymers that are effective in 
tissue engineering. Mostly water, the hydrogel shows 
promise when infused into the damaged spinal cord 
to slowly release therapeutics over time. 
While these hydrogels may improve regenerative 
outcomes, guidance structures may further assist 
regenerating neurons grow through damaged tissue. 
Gilbert has developed techniques to produce highly 
aligned guidance structures that have shown excel-
lent promise in directing the outgrowth of neurons.
It is estimated that up 
to 00,000 Americans 
live with spinal cord 
injuries; approximately 
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Sensing  
& Imaging






























On an average day 
in the United States, 
auto accidents kill 













































































































































































































































































MTRI designed the 
sensor that has enabled 
the Bureau of Land 
Management to accurately 
measure and analyze the 






























Jeffrey Allen has received a five-year $400,588 National Science 
Foundation CAREER Award. 
His project, “Gas-liquid Interface Dynamics and Dissipation 
Mechanisms in Capillary-scale Two-phase Flow,” will advance his  
investigations in capillary flow—how and why gases and liquids move 
(or fail to move) through tiny channels, such as those found in hydrogen 
fuel cells. 
Two-phase flow, a branch of fluid mechanics, examines systems 
such as boilers, in which a gas and a liquid are present. Allen 
investigates two-phase flow through very narrow tubes, which has 
applications in microelectrical-mechanical systems (MEMS), microscale 
heat exchangers, space-based processing and thermal control 
technologies, as well as fuel cells. Two-phase flow at this very small 
scale is not well understood. 
With this CAREER award, Allen aims to develop design tools 
that will improve the engineering of these systems. Ultimately, he 
expects to develop advanced technologies that will improve water 
management in fuel cells; an issue which remains a major obstacle to 
the commercialization of fuel-cell powered vehicles. 
John W. Sutherland
Sustainable Futures Institute
John W. Sutherland conducts research designed to reduce the 
environmental impact of manufacturing processes, to promote 
remanufacturing and recycling, and to develop product designs that 
support used product recovery and remanufacturing. 
Sutherland also works to develop model corporate and networking 
systems that support sustainability. The Sustainable Futures Institute 
that he heads is a nexus for discussion and innovation in sustainability 
research, education and outreach. It supports the NSF-funded 
IGERT program (Interdisciplinary Graduate Education and Research 
Traineeships), which emphasizes interdisciplinary research by diverse 
groups of students. 
Founded in 2003, SFI addresses an ambitious array of topics 
related to sustainability: materials, design, and manufacturing; 
water; the built environment; public policy; renewable and alternative 
energy; developing world issues; community outreach; and campus 
ecoimprovements. In just five years, SFI has grown rapidly, garnering 
more than $15 million in external funding, and engaging nearly two 
hundred faculty, staff, and students from across the campus of 
Michigan Tech.
Sutherland has published over two hundred technical papers in 
various journals and conference proceedings and has mentored seventy 
students to the completion of their graduate degrees. 
He is the Henes Chair Professor of Mechanical Engineering. 
S. Komar Kawatra
Advanced Sustainable Iron & Steel Making Center
Professor S. Komar Kawatra, chair of the Department of Chemical 
Engineering, has recently founded the Advanced Sustainable Iron & 
Steel Making Center (ASISC). The NSF funded, industry-university 
cooperative research center will operate as a partnership between 
Michigan Tech and the University of Utah, with Michigan Tech serving 
as the lead institution. Its goal is to improve sustainability in the iron 
and steel industry by making maximum use of renewable resources 
and developing innovative methods to prevent pollution and reduce 
emissions while increasing energy efficiency. Thirteen companies have 
already committed to participating. 
Kawatra is an accomplished chemical engineering researcher, 
teacher, and lecturer. His primary areas of research are instrumentation 
and online analysis for monitoring and control of chemical and 
particulate process plants, as well as treatment/remediation of chemical 
and industrial wastes. 
He has served as principal investigator on twenty-two funded 
research projects, and he has received eight prestigious awards for his 
research. He has authored or edited numerous books and over 150 
technical publications.
“My general philosophy is to carry out research in close cooperation 
with industry—and to make sure that all of my students start with 
fundamental research, and carry it all the way to implementation in 
operating plants,” Kawatra explains. 
Kawatra serves as editor in chief of the Minerals & Metallurgical 
Processing Journal and the Mineral Processing & Extractive Metallurgy 
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Engineering Research 2008
www.engineering.mtu.edu
Michigan Technological University is a leading public research  
university, conducting research, developing new technologies, 
and preparing students to create the future for a prosperous 
and sustainable world. Michigan Tech offers more than 120 
undergraduate and graduate degree programs in engineering, 
forestry and environmental sciences, computer sciences, 
technology, business and economics, natural and physical 
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